Three tachistoscopic tasks were employed to assess whether survivors of severe closed head injury (CHI) exhibit a disturbance of information processing within peripheral and/or central visual pathways. Twelve survivors of severe CHI and 12 individually matched control subjects completed a recognition threshold (no mask) task, a monoptic, forward masking by visual noise task (to assess processing within relatively peripheral pathways), and a dichoptic, backward masking by pattern task (to assess processing within central pathways). For each experimental procedure, the minimum exposure durations required by subjects to identify correctly single consonants and triple consonants were determined. Survivors of severe CHI showed deficits on all three visual tasks. Both groups also had higher threshold durations for the more complex stimuli (triple v single consonants), but differences in threshold were greater in the patients with CHI. The degree of perceptual impairment exhibited by patients with CHI was highly variable and not consistently related to injury characteristics or residual motor or speech and language impariment.
Survivors of severe closed head injury (CHI) exhibit information processing deficits on complex cognitive tasks such as serial calculation and choice reaction time.'-3 Few studies, however, have investigated the effects of CHI on the processing of early, perceptual processing.4 Ruesch5 examined the apperception of tachistoscopically presented three digit numbers in patients with acute and chronic CHI. He found that, compared with controls, the minimum exposure duration required for identification of the numbers was increased by a third in previously injured patients, and by nearly 150% in acute cases. Hannay and coworkers6 subsequently studied tachistoscopic perception of patterns of consonants presented vertically in central vision in groups of patients after mild, moderate, or severe CHI and in 10 controls. The median time since injury was five months, and patients with visual field defects were excluded from the study. Hannay et a16 found that the recognition thresholds (exposure duration) of the patients with CHI were significantly longer than those of controls, but they did not vary with severity of injury. These studies indicate that perceptual processing within the visual modality is disrupted after head trauma.
Visual masking has been used extensively to study visual perception within an information processing framework,78 to assess developmental changes in the rate of visual information processing,9-"1 and to document reductions in visual processing speed in patients with various neurological disorders, including dyslexia'2 and dementia." Also, through the use of both forward and backward visual masking, researchers have been able to investigate processing within peripheral visual pathways (for example, retina to striate cortex) and central (cortical) visual pathways'4 relatively independently.
Forward masking effects are strong under monoptic presentation but consistently weak under dichoptic presentation. '4 This finding indicates that the perceptual interference caused by forward masking occurs primarily within more peripheral visual pathways. Forward masking effects presumably reflect the integration of neural impulses generated by the two stimuli as they travel from the retina to the cortex, much like a photographic double exposure. The interference, therefore, occurs at a preiconic level of visual processing.
Backward The present study employed a monoptic, forward masking by visual noise and a dichoptic, backward masking by pattern to determine whether CHI results in a disruption of visual information processing within peripheral or central visual pathways, or both. The study also investigated whether CHI differentially disrupts the processing of complex, as opposed to simple, visual information by varying the number of elements (single consonants, consonant trigrams) contained in the target stimuli.
Methods

SUBJECTS
Twelve young adults who had sustained severe CHI and 12 controls individually matched for age, sex, race, and education level were included in the study (table 1) . Subjects in both groups had corrected visual acuity of 20/40 or greater and no history of previous head trauma, substance abuse, or other neuropsychiatric disorder. Informned consent, and parental consent when necessary, was obtained, and subjects in both groups were compensated for their participation.
The patients with CHI had been injured for at least one year before testing ( Administration procedures Subjects were seated in front of the tachistoscope and instructed to look at the central fixation point while the test procedures were explained. Before presenting each test stimulus the examiner said "ready?". When the subject said "yes" the examiner depressed a lever that initiated the trial. Figure 1 shows the sequence of events that occurred during each experimental task. After each trial, subjects were asked to report which letter (single target condition) or letters (triple consonant condition) were presented. When subjects were unsure, they were asked to guess. A card displaying the consonants was posted next to the tachistoscope to facilitate a recognition response when subjects did not spontaneously report the target.
Presentation ofpractice trials
The 10 single consonant practice trials were presented first. Two trials were presented at each of the following target durations (ms) in descending order: 160, 80, 40, 20, 10. The triple consonant practice trials were then presented in the same manner. Under both conditions (single, triple), when a subject was unable to identify both stimuli at a specific target duration, the target duration was not decreased further on the remaining trials.
Presentation of experimental tasks:
psychophysical technique A critical target duration (CTD) was obtained for each subject for each of the six experimental conditions (recognition threshold, single and triple consonants; forward masking, single and triple consonants; backward masking, single and triple consonants). These values were determined by an adaptive method. Target durations were initially set at 100 ms and decreased after a subject correctly identified a stimulus, or increased after a subject than their matched controls under all conditions except the single letter condition of the backward masking by pattern task. CHI obtained under the single letter target condition on the recognition threshold (p = -0-650, p < 0 05) and forward masking tasks (p = -0-643, p < 005). This relation between Glasgow coma scale score and CTD was not found on these tasks under the triple target condition. A similar but non-significant relation was found between Glasgow coma scale score and CTD for single targets on the backward masking task (p = -0O556, p < 0O10). Injury to test interval (years since injury) was not significantly related to the CTDs obtained under any of the experimental conditions.
Discussion
On each experimental task, chronic survivors of severe CHI required longer exposure durations than their matched controls to identify visual targets presented tachistoscopically. The finding of increased threshold durations for recognition of single and triple letters (no mask condition) after CHI is consistent with previous tachistoscopic studies,5 6 which documented slowing or degradation of visual information processing in patients with CHI. Also, our findings on both the monoptic, forward masking by visual noise and the dichoptic, backward masking by pattern tasks demonstrate that the sequelae of severe CHI include a disruption in perceptual processing within both peripheral and central visual pathways.14 A consistent relation was also found between the time required to process a visual target and the amount of information contained in the target. Subjects in both groups identified single letter targets more quickly than triple consonants on the recognition threshold and on both forward and backward masking tasks. This effect of target set size indicates that as the complexity of visual input increases, more processing time is required to form a visual percept, even for normal controls. Presumably, complex visual tasks require a longer perception time than less complex visual tasks because the processing of figural aspects of visual input occurs at a relatively slow rate. Table 2 gives additional information about the patients.
recognition,22 however, it seems that poor performance on the backward masking task after severe CHI could also potentially be caused by disruption of a number of other processes (for example, difficulty with the analysis and categorisation of information in iconic store). Short term memory impairments could also potentially contribute to poor performance by CHI subjects on the triple consonant condition of the backward masking task, by causing subjects to forget the second, or third letters, or both while reporting the first letter(s). In any case, further experiments are necessary to differentiate the contributions of peripheral v central visual processes to the observed deficits of patients with CHI under the recognition threshold, forward masking, and backward masking conditions. Control subjects showed relatively little variability in the durations of exposure required to identify visual stimuli under each test condition. This relative constancy of processing time in the controls indicates that the neural systems that subserve basic visual perception are relatively "hardwired". By contrast, performance on the visual processing tasks was highly variable in survivors of severe CHI (see fig. 4 ), and the degree of variability in the exposure durations needed by severely injured subjects to identify visual stimuli increased greatly with the amount of information to be processed. Given the heterogeneity after CHI in regard to the extent of diffuse axonal injury and type and location of focal lesions,23 the injured subjects' variability in performance on the experimental tasks is not surprising. Inspection of the data, however, did not reveal an obvious relation between impairments on the three tasks and CT findings or the presence of residual motor, speech and language, or visual impairment.
Our results indicate that time since injury is not related to the degree of impairment of visual processing after severe CHI. The patients with CHI in this study, however, had been injured at least one year before testing.
In the light of Reusch's earlier finding that impairments in visual processing are most prominent during the acute stage of recovery after head trauma, it is possible that inclusion of patients studied earlier after injury might increase the correlation between performance on the tasks and injury to test interval. Severity of injury, which was characterised by a comatose state in all cases, seems to be inconsistently related to performance on the experimental tasks. Correlations between initial Glasgow coma scale score and the performance of patients with CHI on the single target condition of the recognition threshold (no mask) and forward masking tasks were significant, and the relation between Glasgow coma scale score and performance on the single target condition of the backward masking task approached significance. Initial Glasgow coma scale scores were not, however, significantly correlated with the CTDs obtained under the triple target conditions. The reason for this dissociation is not reflected by GCS scores, influences the integrity of basic visual perceptual abilities, whereas the presence of focal lesions in brain areas associated with attention, memory, or higher order visual processing exerts an additional disrupting effect on visual perception, which becomes more evident as visual processing demands are increased.
